Abstract: This manuscript describes the development of Pd-and Ni-catalyzed arylations of unactivated arene C-H bonds using C-O electrophiles. A method for Pd-catalyzed intramolecular C-H arylation is accomplished using inexpensive and readily available tosylates and mesylates as electrophiles. This transformation is efficient for the synthesis of various heterocyclic motifs including furans, carbazoles, indoles, and lactams. Additionally, a protocol for a one-pot sequential tosylation/arylation of phenol derivatives is presented. The use of earth-abundant and inexpensive Ni catalysts for an intramolecular C-H arylation using aryl pivalates as electrophiles is described. Preliminary mechanistic studies for both the Pd-and Ni-catalyzed arylations are discussed.
Introduction
Direct arylation reactions are now well established for the construction of C-C bonds [1] . A vast majority of these reactions utilize aryl halides and their derivatives as electrophiles. Organohalide substrates and the byproducts of their reactions are generally undesirable from an environmental standpoint. Additionally, aryl halides are not naturally abundant, and their synthesis often involves tedious steps, harsh reaction conditions, and waste production. As such, recently there has been an increasing demand for the use of phenolic electrophiles in place of aryl halides [2] .
Early examples of transition-metal-catalyzed C-H arylations using C-O electrophiles involved the use of aryl triflates [3] . While this represents a significant advancement, these reactions are not ideal for use in long synthetic sequences due to the sensitive and expensive nature of triflates [4] . More recently, the accomplishment of direct arylations using fluorine free phenol-derived electrophiles, such as tosylates, mesylates, carbamates, carbonates, and esters, has been reported [5] . The vast majority of these reports involve the arylation of activated arene and heteroarene (azoles, N-oxides, fluoroaromatics, etc.) C-H bonds [6, 7] . In contrast, the methods for the arylation of unactivated arene C-H bonds remain limited. Specifically, Ackermann and co-workers have accomplished the Pd-or Ru-catalyzed ligand-directed intermolecular arylation of aromatic C-H bonds using tosylates and mesylates [8] . Furthermore, the first example of Co-catalyzed direct arylation using carbamates, sulfamates, and phosphates was reported recently [9] . These being the only examples, C-H arylations of unactivated arenes using phenolic electrophiles remains a relatively unexplored field.
Results and discussion

Pd-catalyzed direct arylation
We began our efforts with the exploration of Pd-catalyzed intramolecular arylation using substrate 1-OTs. Upon significant optimization we discovered that the desired benzofuran product 1 could be obtained in excellent yields using the Pd(OAc) 2 /dcype catalyst system (Scheme 1) [10] . Importantly, ligands such as XPhos and RuPhos that had been previously used for Pd-catalyzed arylations using sulfonates were not efficient for this transformation [6, 8] .
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The reaction is general with respect to varied substitution patterns on both aryl rings. Electron-donating and -withdrawing groups were well tolerated on both the C-H and the tosylate bearing aryl rings. These reactions could be expanded to the synthesis of a variety of heterocyclic motifs such as carbazoles and amides, which are prevalent in bioactive molecules (Scheme 2).
We have also shown a preliminary scope for the sequential tosylation/arylation of phenolic substrates (Scheme 3). The formation of the desired benzofuran products using this protocol obviates the isolation and purification of the intermediate tosylates, thereby increasing the step economy of the process.
We next turned toward developing analogous transformations employing more atom economical mesylate electrophiles. As shown in Scheme 4, mesylates can act as competent electrophiles for the intramolecular C-H arylation to afford the products in good yields. Notably, the results illustrated in Schemes 1-4 represent the first examples of efficient intramolecular direct arylation using tosylates and mesylates as electrophiles.
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Ni-catalyzed direct arylation
As detailed above, Pd catalysis affects the arylation of unactivated arenes using tosylates and mesylates. Our next efforts turned toward accomplishing similar transformations under Ni catalysis. The utilization of inexpensive earth abundant Ni catalysts in place of precious metals such as Pd has the potential to impact the economic viability and the widespread applicability of such transformations [1, 7] . Our initial studies toward this goal have focused on the optimization of reactions with substrates shown in Scheme 6. Importantly, Having explored a preliminary scope for the Pd-catalyzed intramolecular arylations, we next turned toward investigating the electronic requirements for the C-H activation step. As such, we studied the site selectivity for the reaction of substrate 11-OTs. Tosylate 11-OTs bears two electronically different C-H bonds, H a and H b , which could undergo functionalization to afford products 11b and 11a, respectively. As depicted in Scheme 5, the reaction exhibits modest selectivity for the formation of 11a via preferential arylation of the electron-rich aromatic ring. The observed electronic effect is similar to that documented for similar Pdcatalyzed C-H arylations using aryl halides [11] . these substrates only differ in the nature of the electrophile-bearing ring. As shown in Scheme 6, the use of dcype as the ligand, allows for the Ni-catalyzed C-H arylation with a number of C-O electrophiles. However, pivalates (1-OPiv) and carbamates (1-OCONEt 2 ) are the most effective electrophiles, affording the desired product in 74 and 40 % yields, respectively [12] .
The efficiency for the intramolecular coupling of aryl pivalates with arenes was not significantly influenced by the electronic nature of the C-H bearing ring. Electronically diverse benzofuran products could be obtained in modest-to-good yields (Scheme 7).
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Interestingly however, the electronics of the pivalate-bearing ring did impact the reaction efficiency. While electron-rich pivalates led to products (2) in modest yields, the electron-poor pivalate bearing substrates afforded the desired products (3 and 12) in significantly diminished yield (Scheme 8).
The results illustrated in Schemes 6 and 8 represent promising leads toward the development of general Ni-catalyzed arylation of unactivated arenes. Further optimization and broadening of the scope of such transformations will require an understanding of the C-H activation step. As such we have conducted preliminary studies to explore the mechanism of C-H activation at Ni centers. Specifically, we have obtained the intramolecular K.I.E from the reaction of the mono-deuterated substrate 1-OPiv-d (Scheme 9). Although further studies are needed, the observed primary k H /k D of 2.8 is similar to that observed for Pd-catalyzed C-H arylations, thought to proceed via a concerted metallation-deprotonation sequence [11] .
Summary
In summary, this paper describes the development of Pd-and Ni-catalyzed intramolecular C-H arylation of arenes using phenolic electrophiles. The transformation could be applied toward the synthesis a variety of heterocyclic motifs including benzofurans, carbazoles, indoles, and lactams. Further studies will focus on broadening the scope of the current transformations. Additionally, detailed mechanistic studies will be conducted and reported in due course.
